A state legislature typically divides the state into election districts, one for each member of Congress. Map drawers usually build congressional districts using census blocks as the base unit. In Minnesota, for example, there are 259,777 census blocks, which need to be assembled into eight congressional districts. Minnesota will likely lose a seat after the 2020 census, which will make the upcoming redistricting even more difficult and contentious. With the current eight districts, there are approximately 5 x 10 38 possible maps.
Of course, there are many constraints on how the 259,777 blocks are put into the eight districts. Each district must contain the same number of people (and census blocks vary in population size), and each district must be "contiguous" (path connected). These two constraints alone reduce the number substantially, but to what sort of magnitude?
The pivotal Justice Kennedy has called for a "manageable standard" that can be used to detect whether or not a specific map is a partisan gerrymander. While automated redistricting algorithms have been around for half a century, computational limitations have been a barrier. Due to vastly increased computational power, together with theoretical headway, we are currently seeing significant advances being made in the way we can utilize computer simulations to assess maps and help identify highly biased maps. In short, computers can generate a very large number of maps and for each of these maps partisan bias is measured using, for example, the efficiency gap. If the proposed map is an outlier in its partisan bias, as compared to the sample's distribution of the bias measure, then the proposed map can be considered biased. A new algorithm based on viewing redistricting as a graph-cut problem shows real promise; this algorithm generates maps that are contiguous and compact (as determined by a specified compactness measure) and further constraints (such as status quo bias) can be built in. This algorithm produces a representative sample from the space of all possible maps, subject to the constraints.
The power of such algorithms shows us that we are moving a long way toward being able to identify partisan gerrymanders. Unfortunately, sophisticated map-drawers with intention will be able to use the technology to draw maps that are biased but still legal. It seems that the only way out of this quagmire is to take the line drawing out of the hands of those with ulterior motives.
While there are federal laws, centrally the Voting Rights Act, that govern redistricting, the states 5 have substantial autonomy in how they draw their lines. And, for most states, this means that the maps are drawn by the party currently in power in the state. Some argue that change needs to happen up front, that redistricting should be taken out of the hands of state legislators who are-quite understandably-interested in seeing their own party stay in power. Americans across the political spectrum agree by wide margins that gerrymandering is bad. In 2013, a Harris poll 6 found that seven in ten Americans agreed that those who stand to benefit from drawing electoral lines should not have a say in the way those lines are drawn. This view cut across partisan lines, with 74 percent of Republicans, 73 percent of Democrats, and 71 percent of independents in agreement.
There are many civil rights organizations working on this. What about in Congress? In the current Congressional session there have been two bills introduced that, if adopted as law, would require non-partisan commissions in every state to draw congressional districts. Representative Don Beyer (Virginia) has introduced the Fair Representation Act, which includes an independent commission as part of a larger package of congressional election reforms. Representative Zoe Lofgren's (California) Redistricting Reform Act of 2017 also requires each state to establish an independent redistricting commission.
This past summer I participated in the Geometry of Redistricting Workshop. The workshop participants included many mathematicians, and also lawyers, political scientists, and computer scientists. The first three days were open to the public and consisted of talks preparing us in all relevant areas of math, computation, political science, and legal history. For the last two days small groups convened in three training tracks-information/technology, expert witness, and teaching. The teaching track introduced high-school and college teachers to the mathematical discipline of voting theory and offered concrete tools for incorporating mathematical topics related to voting, gerrymandering, and civil rights into their teaching. Information track folks engaged in a code-a-thon of sorts, creating databases, visualizations, apps, and other open-source tools for redistricting.
In my track, the expert witness track, we pored through witness testimonies and deposition transcripts, we talked about what we might ask a lawyer when initially contacted to potentially serve as a witness, and we discussed writing amici curiae. It was intense, and I know I speak for many in my track when I say that I now feel much more comfortable with the idea of being contacted to serve as an expert witness in a redistricting case.
We are two years away from our nation's next census and, following it, our next round of reapportionment of 
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